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DesmpiioB 

Energy is4sr 4svjc§ calibratloii method 

5 

. The present inventioti relates to an eimgy meter deiiee m4 & method tbi- fee 

cal ibmioa o f the energy meter devk 

Energy meteis are used to record consumed or produced electrical energy. Saci^ 
10 energy meters are also designated as ctnTetii meters or kilowatt hour metei^, 

Norniaily speaking, tensioii atid dectxiclty m recorded, di^ti^ed ^d tnuitipiied 
mdi one anotlier k energy meters: that are eiectromcaliy operated. The current elecmcal 
power is ready Mlomng tiiis maMplicatlpn Whesn this elecMcai power is mte^sted of 
15 accitmuJated OYer mae^ a signal is obtained which constitutes a measurement for the 
dectriml energy that 'vras generated of prodaced in a certain-time intervai 
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Voltage dividers, voltage trmslbnijers or other means can be appBsd Ibr signal 
extraciiop in oj-dei- to obtain proportional signals for esieetxical yoltage and electrical 
current. 
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It IS K n->4r> apphcatioi^s essaitiai ih-xt a gpi\:»:iic jso'atjcn i?; to t>c provided in ai 
ieai>; on& ci'hinh. ohanceis lo reooro voltage and cuTrem. Such a ga\aii\- ^;?clat5CT: of the 
electoc circuit pre|.?atss for rnstajiee a transformer. 

S > \rs,'L\ o' t''\^ ph^ifiij shitl, which is caascd b\ ilu- iTidisciix o coupiing of the 

trajisfomisr, is problematic iii such traiisforrriers On the one hand, ihe phase shit showsj 
bct\\-eea the output signal and the mpni signal. On the otiier hand, the phase sliiit is also 
i.L'ivVtc4 1 fjo t.^,-^ 'i-x c ;no;:, and sjii.na; ihdt --cprei>ejns 1;^. ^ s.-^"irt> t !i-"\'. i'\ iin.k-5ire(! 
nieajsuremeni errors ai-e caused as, a resuli thcreoi~whc« muUipisirig tensson asid current. 
1 0 ii must hereby be observed ibat tension and eurrem mostly do mi exist: as equal signals 
bi3t rather as aJtemating euJreM si|»als with a more or hantiomc sigrsat form. 

The descnfoed pmblems areMdItioriany intensi iM tliat a i50i)~exact 

predictabie phase shit bet^j^'een botli iiipiit cliaimels can be called by mMi^^asitumig 
IS toleras^ces^ teiJiperature eilepts, alteifation: effects or odierimavoidable effects of & niass 
masiufactiiritig even when a tmiisfomier4i1?e transmitter is each time used in ^ voltage 
and current ehasinel, 

RC-i50i^^ork$, which cotJiprise resistors and condensers, can for irisiar*cebe used 
20 to correct thv desonbed undesired phase j»hift. However, thc^e m.jst usually be designed 
as aadit),^".. ov ^ri.v! c -nr-v^ncnis and can v '\ '^j ^"oio>^ j^Mv]\drt.H\^s 
runhenro;-", tbi. probionis ^^fihc tosciances condUiOi-ed S> tnc manofactunr.j/ ar.o. 
tcmpc'titur;. ,rc ret faTidainenialh ^oive^l because of that. 
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The task of ihe present invention is to create aa energy roeier device that can be 
iiitegT./c;a ^\ uS pcndiiiirc, as well ^ a method for the calibration thereof, in such 

a d) Cm { \c ^ oiw-j. i ur J^e cr.rrcni \\iih galvaxiic isolation can be recordtsl -without 
the c-ecu:vr.co o:' ;;s.af-aTcr5jeni sirrors?. 

Accoixling to the inYentioa the task with, regard to the device is solved by an 
energy meter ccvco .vatar.'v 

- ail .driui iuput for tiit; feevinig o{' signal mat iS deiivea iroin 
a voltage, whereto an mitial ana1og,''digita! tracs&rnter is 
attachedx wbieh hss an output, 

- a second mnai for ihe feeding of a signal that is derived torn 
a cysxeni, wbereio a second analog/digital transformer is 
attached, ^^liieh has m ompm, 

~ amHldpiier %vbich Hnks the outputs of both anaiog/digital 
transtODTiers with one another, 

- a ;iii:,st' aiuauo;! block witl^ two iupuis, which are oonBected 
wsib i.-it ojipoi's oi'beih anaiog-'digi^s tjaasf jnodj-s, and 
wiih one oaipui that is connected with a control input of a 
phase correction block, and 

~ ihe phase costlcuo ^. biock, \s}^;ch i-^ o-^ri.v; vi ir ;nups;s of one 
of both ansiog,-digiial trajisibrmers, dedgiied to correct a 
phase dcvUuion of the digiri/'ed jjignal thai is derived rrora a 
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eurreist or yoltage, 

Accoruu-^^ 0 p V pos,iul | r xKiplt a phas>«. t>bilt betvi sen die mu' e ct v-g^ 

■^t! J c vhv at j\Aid^,n t-0 Iro an tLcti^c^o. ^ -^vk ^ 

^ 'tage aiio i, irrtsrst caa al o be designatec* di> ' iput chain elb., * ane > ^ o'^j,*, v.h*.nnei 
and carresjt chaiu^el 

The plijase evaiuatkn and cofrectjoii is thereby entirely and MvantageiOisjily 
iBipIsmented m the tal sipai processiag, 

Tlie proposed raeasurenvsnt and coT^ipensiUicai of ihe phase sbifl berwea^: hoih 
dmmh tnakes ii possible lo gai-vanically aixi advaniagcousjly isolate the channels from 
one another and' or at least one input fbomtlie energy meter de%'iee. Measurement srmrs 
of tlie device are avoided through the calibration of the phase shiit. No external 
compensation networks, such as resistance capacity networks are necessary for the phase 
shift. 

1 ,<ia!st' e'^ a a.uion block well ^ the p'w^L coircctH'^n block <id\ dntag^'ouislt 
c v ..V* ^ V i>D \^astfCOTT>.ctioii ofthc erergv i-nctcj dcMcc;uitnoulan\ 
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The phase deviation betwccii botb input chimnels can for 5DSi;iiK.e be rneatjured in 
a calibration mo(k by the fact that an input signal is designed at both inputs. A sinus 
signal is preferably designed at botli inputs of the energy' meter device in the calibration 
tmd&. 

The zero points of both digitiml dgnsis caa for mstoe be ad%'a^^^ 
compared with the phase eyalaation block, Attemativeiy, it is also possibls to evsi^at© 
&e respective phase layers of the signal peak vakes of the digiti^d sigMis, HsgHsfc 

i\ t hi^qutn^s it is possfibic to dctcii-nmo tiic re1att\.e i poia! assta. jce <^f ti e /«ro 
*)om*» h-yx.i c <4sw^^^;.r I he caicu« no i of die pb&se diHerence from the tei pom 
a^t'K -vC" so bnif i fo" (nsforw ^ t v. > 3^ \ v tec s.q 

' JvatiOi r.ock Sibscv^ucnv < -pos <. v^ir^ ou«-d 

v<. "e<;t o * a^ilv ,tii pha^c difference mo e ot both chaimeh b\ * lea^ of the 
established phase difference. 

Tiie pbii'ii.' conxvt-on value caa be advaiaageousiy stored in ihe phase evaluation 
block so thai the correctioTi value is also a^'ailable in nomial operation accordit^g to the 
calibration rnofk. 

a r<„^;5][ of rhe tact shat no external components are required ibr The phsije 
correciion., Ust p.roposai energy meler device caii be advantageously injple.rnc/ucd ai a 



mum tor mass maRuf acmnng. 

Ar^ adoiiicji^al itdxanlage k provided by ilie fact tiiat tluv Li?ne, vxhicb is needed u> 
5 ciJibraii Lhe en5.=rg} n -cicr vicvicc according to the propoised principit;, is; parUcularh 
i limited As a matter of principle, the phase difference betv^-'een both mput chamels can be 
detcmrined simply witfem ose cycle duration of the mput sigtial md preferably of the test 
signal. 'H^e c)\-;le duraiion can thereby be smiply calculated on the.- basis oftlie reciprocal 
value ol'tbe respeciive signal frequency. The signal frequency tbr energy meters is 
i 0 usually equal to 5G hertz or 60 heitz accordixig to national stand:ardi2ation. 

According to the proposed prindpK a phase deviation is recorded between Ifee 
inpiu sigjials of the energy meter device that aj-e already present as digit;?] signals. The 
phiisse error i^ also corrected in the area oi" digital sigjial proccijsuig. 

15 

In order to quickly establish tke phase deviation between the input chaasels of the 
crLcr;^-y rnoic-r device, it ls ijdYuntagt.-ou¥ to cor.ncct !he clock input of the phase e^aauuion 
block iui the clock inputs of the aTjaiog'digilal iransforiners and thus lo yse Jhe civ?ck 
signal of the analog/digital traiisfonners for the purpose of the phase evaluation, which is 
20 already used to operate the energy meter device. 

Tiie pha^c e\ aliust sOii block is advaniageonsly coraprisoi.l of niori-is for Uic 
permanent storage of a pjias>e correciion vaUte, The means lor the pennaj-eiu siorutrc i-fLs 
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phas;. u>rruo.\>n value s ore.vTably developed as a non-lransant sronige, for cxan^pk as 
EEFROM. 

ThaRksi io the permanent storage of Ihe phase correc.tH)n vaiuc, ihc iarter, which Is 
5 established in a calibration mode, is still available after swiichiitg the energy meter device 
OB and off, 

t ^ sff ff K sarv. jcn kjt. IN N^-'vt.js i 

10 bcaa i! e ^ rsui jgnals, ^^ hxch arc denved from \Oitai.e and currml, with i:> gs rssoluiioi n 
case of good i3^ tegr4bi1lty. 

All iniegrator, which iniegrates the signal tliai v>aj> supplied by the multiplier, is, 
odvantageotisly pa>vided at ihe output of the niuitipiier. The integraior cm be 
1 S adva^itageoBsly deigned as accumulator. 

1 ho ;rie„^;sto; ,s d^dx .lUtagev, i #1y dfsigne<l m ?«ch a manner ihat li int>.gi-ator the 
sigr.al pro^iJ:a ^> tiie ^.luskiplicr, v.bich repre^sems tlie curreit electricai po^vor. to a 
signal that constitutes a measure for the consulted or produced electrical energy. 

20 

In : -.or prvtV:-?b:c rnaiiocr. ihc initial and i^cconC ;^na "i; tvi-sisfpnuer, 
i-k' ;>ha\^" co'ni.v-i t^n biock and the phase evaluation 1 lock art, dc^igixx! -su ijiiei/raloo 
circuitry. 



7 



AUorsKn'- S DockcfS: No. : S 4603-02SUS 1 
ClicT;! Rei, No,; P2iXM,0!9f US N 
PCT AppJrs No.; PCT7KP2O0S/OO22i>4 

1 w s V >• ^laJ p ocv&bmg cha n of iht, er t-rgvmcie c^<;% cc ^.aii a.«o ia. as i 

'^''^^ H> ^,0 ? t KtMJ n ^ ^ a e Ul'CU T V. I.? V \ V t vv. 

v<-.5 i ■! J ■^kicUcd 3 a sn Uv irit jrated St. r v.oe c Co >.! v^^r 

A« outpist ol a imnsmitter, wiiioii effects a galvanic isokuoa, cm ba 
- 1 o n lu o''"'thc C3i(, g\ meter dev cil. ^ ><j o it the 

The proportionaliy large phase demiioss of siich uiterstage netvwks, wMcIs 
eHect a gaksnic isolation af the can be ^mpexisstfed with theprdisssedpiineipl^ 
m parlicularly simple aad sffectiv^ as well as Mgh~i53?edsidK mabner. 

A mems for tiie genei-atkm of a test signal is preferably prov^ is 
coupled wi th the Erst Md second iiipiit of the energy meter deyice. 

^s 1 itt^c^K^t^jt, pi iQdi>t ^ 1 w 

t te*-- o v\*inoe thenica-istog^ncmethe est -ig.ial i<5 ad% j;.uageoush di.s gTvjd 
m •-Ik 1 \> 1% £ •vign^il is ts^ at the input -^f t^c trarsriittej ar a s\%it«,i 

It ^s..iL, t \ } 

sw tvj ini I \ ax%aitt.l' { 1 maea^t^ j i i 

^ nil ."ic 1 - *.v. ti. K k4 \ I ff (.a 1^ Xk c"" J^t tt-si j 
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It is pn.tt,rable to £io\\iJs*roaTi vhe ^i*:*! og digital tra^issfonne-s pei c a' ^Aw 
1 be d'^iu.. filters adv i'itdgei>cs, \ haw each a controi iiipUi to cont^fj! t !sc< r.^xr.g ^ato o. 

digit! ca <5igi-sal A "^esiDe. ' \ v. c v^^. ^t^^ jj ^ JtCd-^*^ o^sH 
.^npie.-nejtxeu panicularh m u no -^ti U .Boac <i.-id mc c?l .\^.io » t ocit 

■^V' Di>i'sc correctior Mock can advantag&m^l) coTiipns>e of one of the dlgxta^ 

filters. 

Tiie memis to generate tlie test signal can be advantageoiJisly activated in a 
caHfemtion moije while; it can be deactivated in tHe »drmkl mode, i;e, is the actuM ^nergj'^ 
messurisg: operatidH. 

As tar as the metiiod is concerned, the task is solved by a method to calibrate m 
energy meter device ^vith the foHowing steps: 

- svi'iteliing in a test signal at tw'o inputs of mi eiisrg>^ meter 

device, 

- ^^.i,'Kv'i^>^: tht. it'S! sigiiiil tlial resis ^gair»st oom mpiiU, 

• <isuhl\&hmg a p}m^ deviaiioB bemeen both digitized test sipals, 
~ Gei^eming a phase correctiois si^al aiid charging of one of both digitized tm 
Signfils s\itb rht; phase coirection signal. 



xtc „ ~ ^l!o^"^le'"5di CT can be tbiablishedb-'compasi.^g the pnas*! 

5 o'- inv i> „ 5.1 j,>t.ci>. wi, vvitn one arotiier 

Xfjs pMss layer is thereby determined and the phase dev^iation is estabhsi^ed 
eimmiy m digM signai procssssmg, 

10 Other method^ caii also be applied to establish a phase deviation bet'?v*;ees two 

digitized sigiials, whicli can be iiiipltoieated in^^^^^ 

lite pbase devisiioTj cim he estabiished in a paiticuiarly precise maxmer by tfce tkct 
thai the scarming rats of the digitiijed sigaals are influenced in th« calibration xaode, 

15 

The sigma-deita excess scamiiug rate ean for instance be reduced intlic 
o.isibj\U'i>r. nsvi :srw i^cc 'e^? a>-'ianiic ai ha.uil A IjiruxT :yarrbc::- f^r scanning values 
-.x - - ' ^ - " /m k ,.1 c t,ir\ pcroa a"» ti^al the DrccLSJOu ofc.^ul>lishiag the phase 
deviation IS iiicreu5>e«i. 

20 

^ ^ an admsUb e decimation rate is advantageoosly provided 
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.-\l;.cgetUcr. liu^ prfiposod principle offers siivasitage of a clear cosi re<,iaciion 
since no extenial components are necessary for the phase coiTection. In additioji, the 
calibraiion caTi be Implemented in a particularly short period of time, aetually witiiln a 50 
or 60 hem. pidse slemsntary period. 

5 

; Fijilte details and advaxjtageous ex^utions of tlie ptoposed principle are objepi 

ojthe sub-claims. 

'Hie iByentioa: is hereinafter iwther cladfied in an example of good praciice based 
10 on the igiiiie. 

li shows; 

tlite figure of a bl oc k diagram of aii exatiple of good practice of the proposed 
15 mergy meter device. 

The i1gUi-£,'. .shows an eiiergy meter device comprising an iniuai inpiit 1 and a 
secoTjd input 2. Iniiiai input i is designed lo feed one of the signals thai is derived from 
electrical voltage v. Second input 2 is designed to feed one of the sigjials that is 
20 derived irom an ekctrica] current L Bkctric^il wltage V iind eiectrical ciaxent I refer 
tliereby to the >;a;ne sigBal. The inpir^ ot an irntia' ai-alog/digital transfonner 3 is 
connected to iniiisi input L The input of a second anaiog/digital n.-aiisfornier 4 is 
connected to second input 2, The ajialog/digital transformers ?), 4 al^^ each constructexi a.s 

1.1 



Ats»n50v^<; Docket No.; R603-f)28US I 

- ^ . t \xtu a.nt : 1^ 0 pai o^'me fet ak<ilo^ dtgua n^^ajforrit"- 3 i«i connected 
■v^ itfc the li Du* 01 d multiplier 7 -v id an njtial dtgr al f iier 5 I he oupi i v->^ v^<. second 
ai^<-lcg,di|.it^l irsim*om3sr 4 ts connected to an additions' mput of niaHipiier " % & « 

oqu pt^^t. --^ it'-tti i-^jai \ 1 ii»tt,^\dto? & rnacrcu .c t u o no u c " i or " 

'"hjs "uti-gs^t >r K eit& siyial positioned at its mpva, •vvhich cortbtitates .Beasure 

curr«,nt v.uCircal po^vcr P, inio a sij^al that a,preser is tht, clectTical ene:g> E 
Furthemiore, a phase evaiBation Mock 9 is provided. 

Phase evalualioa block 9 feal^^res a phase layer detector 10 to detemm^ ths 
respective! p&ase U^^is of the signal values. Phase layer detector 1 0 two itiputs 
that are <?03ineeted to the outputs of digital filter 5 asd of phass? correction black 6, Two 
outputs of phase layer detector 1() are comected; Witi^ two inpu ts of a phase dilference 
detssctor 1 1 , whicli is used for the determination of th« phase fe'iation. The ph^e 
diffsrmee dsteotof has aii oiitpat that is multipfe bits wider, tfee output of phase 
diileretics detector 1 1 is connected witfe the input of a contml block 12, wMc% m turn, is 
cqtjBected wfe tlie control input af the same to trigger phase cdixection bl«>ck 6. 

Control block 12 cOBsists of anotj-dimisient storage device 18 in which the 
measured pbaise deviation or the relevant correction value can be permanently stored. 

A ;^cuJ■in5^;^.', rale control 1 9 Hbs two oislputs that are coonecied wiUi respccvive 
co.fUTOi .i.fipuis of phase coirection block 6 with digital filter and the second digital filter 5. 
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aV.- a result. ;he scanjung rate of ihe sect nd digital filter 5 and of phase correction block 6 
can bo detcm mtai s^iih a digital filtei-. Tiie <;etiing of the scanning rate Jeperds or. tliti 
respective mod®. 

5 The energy inetet device described tiius far is placed on a sirsgle chip in integrated 

■ eircaitfy, 

.■^pjt 01 \\ ">tv t eeA^5.;\u.e.^ a \o>agc '^ipu: to iced the eiecvncal xujfage, pros^oed tv 
10 sxsitch oui the elcctiical vol age. A transfoni er 1 6, v^hich :s plied between a curtoni 
^nptit 15 «tsd the second riput 2 of the trnrnyy metei dc\ice, is provided io s%nch ou^ ihe 
electric:.! cuirer' Transformer 16 supplies a galvanic decoupling bct^eea cur^nt uipiu 
15 aitd the second input 2. 

15 The output of ate^t sigti^ generator 17 is attached to voltage in|iut .13 md cxmmt 

input IS, Test signal generator 17 supplies a feamome, available, sinijs-^ha^ 
with a raie feequeney pf 50: or eoliertz ttepemliBg on &e staters specificatioiif , 

D'*\.Tng phase shifts ansc for both iaput channels of the onerg> meter \ia 
20 % orage -de. ' - a-id transfonrer 16 The relative phase difference A«l> ber^et'ii botli 
I ^ V. * \ =- ^ ' ^ 0 'x\n . I ^^<lance 
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i At pnas„ dz\ u ion esvabiished in a caiib-^ativM^ ^oue r\ ^ucn ^ manner fei 
tcsi sign*, gcncrato- 1" is <ited snd a pliast- simikr, ^^nufc-sbapoc^ Mg^ . hus fed >xi 
M \ oliz^c np J> X ^- cuTcni mptii 1 5 1 his ^tgaal evpenetiees a diffe-cs* pba.sc %hxh i.\ 
voltage divider 14 trsnsibrmer 16. 

5 

'I he relativv* phase Mfi '3^0 at ihe inputs 1.2 is esl^iished in phase evsl^iatioK 
block 9 in detsxtors 10, H hy the fact that the tmieframc bctvte^sn the ?ero points or peak 

co:uor;ed lo <i c.^-TrespciiCHii, phase deviation. A corrc^popdiPi; correcuox^ valise is 
10 iupplscd by control block 11 and cmittod at the outpsji of phase evaluation block 9 For 
this reasson, a phase con-ectioa block <5 is triggered in the digital iiKer, wMch itnmcdEaxel) 
bdaaces th^ phase dif^jffince 

The excess scanTUTig rate of fee sigma-deltamodiil^tors is proportiosaily high 
15 since the ctjrr<sit m the normal mode mmt be recorded exactly via a lafge dytiainic area, 
CojiseqiieBttyvS saitable signal-noise relationship cas he acMeyed. 

!k' :oco.^o":.«;iit of large cynuj no arc? 3S not sdiu. ui t=x ib.aii.n n ods. -r 
which a har? aon^c; Lest signal is fed in. Peaks or zero points of the digitized imi signal 
20 mast ratlic he recorded in both channels and compared in order to able to establish a 
phavse deviation. 
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ho 0 t »s r^xni> » a.o of Jie n-^odalato. s r ''cai v ^\ s^o O'-i tr^. i<. . 
vmalierilvr^jTnicaieass required mthtcalibrato node Asaresa^ no^stcam: g 
vdJcos '.rs^ a-v ajlf^ble -^iihr* a pulse clemcni&'y penod. The piecsior; ortae recogmtiois of 
L e pn<3s>c de^'ai'on i<» determmed by the Jrcsqucncy of liic scaiu ing c>c\ 

5 

559 scanamgv al uss are produced k a puise sk^entary penod of the test signal in 
the ca$e of a SO test sipal, m excess seannijig rate of J 6 and a geanniiig B:^uensy of 
28 kHz, A seamiing valae carresponds thereby with 0,64 degrees, namely the quotient of 
360 aiid 55§, The measared electricsai power of 0.00054 dB would be under the optitnuin 
10 in the ca,se of aphase shU't of 0.64 degrees between the voltage and cu^^ Tliss 
correspands to a relative mm of 0.00624%, wMch is pegiigible, for a power fsetor eqpal 
to 1. The preoisiott of the phase cojTeotion can be further increased by tlie con^ponding 
choice of scanning values. 

15 i V X ^'j' factor ...'^gnsh poi;^ei taetoi n t.en icd m aci,'>fd^nce the asual 

vOT \ V t p «Bcn a Vi a% tha* the canent and \olta^e are eqvuX n phasvs m c^se oi a 
) ) 1 ert; ! i im s^i^i l > l^^c 

1 vs-uaik f' ^ n "a:5(. vt apiisc i lu tn^t,*. Cu^Tv^ 

ai. 0 r c\an pie 60 degrees C on^scqucnth co-^^spo^ds *o the «„osmc oi 
20 tne phase 0H:iere35ce. 

The rgkii ve eiTor is caleulated according to the rale 
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( I - i-'C'S {(y-0.6 4'1.10(XlOO(?24% 
cos 0" 

in ease of a power factor equal to 1 and a phase slii ft of {).64 degrees. 

5 The caliliratiori mdde is activated once when manulactming the energy meter 

device. 

mtonmtic phase cotrsctioB. is supplied for integrated energy meter devices by 
means of the proposed prineipie, which is entirely irstegrated aiid completely realized in 
10 digital sigfiai processing. 

Jn sdditioa,tite |?foposed ewergj' meter de\4ce distingmdies itself by a limiteti 
calibration tmie, 4£ well as low manufaclunng costs, Furlhennorc, ll f o^^il^le :o 
gaK dr\" ] \ ^^\ c ono channeJ at the input of ihe energy meter des ice ^^ ithout 

15 ail) niv^^uT oTr.L.j^, \ ors oocurnng. The galvasiic isolation is of particular importance 
when more tban onv charusel is measured, ^ is common for electrical energy meters. 

^ prv^*?.. -'0 '^rmvv lir .c'-! is anavoid<^hly i <^ j^^-C :r.."5'~\ "^;c& oar He 
c/npensaitu \o ^.tluitioi-sal cxtcnml component;;, such a;> fCs:^taiico capav-t\ .xn^orkb. 
20 are tliereby resinired for phsss: correction. 

Ih ^ ^ v^'^-.f a? ^ on «:>^" „e ' S, e plidse correetion valtie is still mmMM 
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A pariicniarly quick calibrddon can be caiiieu at -vi the {^^op^ ^\ ;^ p ip^v. 
since tiie determmaiion of the phase deviation is ess.cfrtidlK lo^sib e h Lri out c\c\ 
ivmion. 

PhASi yvaluatiou block 9 advaiuugeousiy has a clock mpul, which is coni-iecied so 
the clock inputs of the sigma-deha modulators 3,4. ConsequeDtly, the clock Sjaaks 
betwsssn i\vo 7sTo points can be coimt^ and the phase dsvxatioTi cat^ be established la a 
simple and precise manner. 

Aecordiag to the proposed principle^ the reMve phase de^^iatioB at b«>th oulptiis 
of the apalog/aJgiM IraTistbmiej-s Is recorded in tl?e fieM of digital signals, the eotrsction 
of ti?e phase deviation ^Iso tske^ p1a<5e iii the field of digital signal ptO0essin|. 



Atlorscv's Docks- Nc.-, ! s 
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Reference nuiiiber H:it 

2 Output. 

? ARalog,'digita1 trax>sfonner 

4 Analog'digitai ti'aiisformer 

5 Digital filter 

<-> r">!xv al ~^^Uer with phase correction 
" \Kuupi5cr 
S Irstegrator 

9 Phase osahiiiiion block 

10 Pliaselayer detector 

1 1 Phase diCTerencs detector 

12 Control hhck 

\ Cii^i-x' dhidcr 

15 Curreiti input 

16 Transformer 

17 Test signal generator 
1 S Koi)~tmnsient sstorage 
19 Scanning rate cotiirol 
1 cmteni 

h onerg} 

P power 

V voltage 

5f|> phase deviaiii>n 
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